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R egulation and Management of New Hampshire’s Estuaries: A Base Program Analysisreviews the management framework of New Hampshire’s estuaries. The report wasprepared by Carl Paulsen and submitted by NH Department of Fish and Game and the
Great Bay National Estuarine Research Reserve to the NH Estuaries Project. This review and the 
Technical Characterization of Estuarine and Coastal New Hampshire (summarized in Chapter 2:
State of the Estuaries) prepared by the UNH Jackson Estuarine
Enforcement is another weak link in the regulatory framework of the estuaries. The sheer
number of septic systems renders system maintenance and performance requirements
unenforceable, and the state has not developed an alternative approach for ensuring proper
maintenance and repair. Although the NH DES Site Specific Program has significantly improved
its monitoring commitment since 1999, program staff limitations have inhibited monitoring of
NH Department of Transportation projects for stormwater and erosion control. Local regulations
are also only partially enforced. Enforcement officials are often not fully aware of permit
requirements. In some cases, permit conditions are never monitored and there are no local
programs to ensure long-term monitoring and maintenance of stormwater and erosion control
measures.
The NHEP’s focus on New Hampshire, while nearly one third of the drainage area lies in
Maine, may be an important limitation. As a result of the single state focus, only a limited
examination of policies in the state of Maine was included in the BPA report.
Recommendations are listed below for each policy area addressed in the BPA. The
recommendations are followed by the number of the Action Plan (eg., Action LND-21) in the
NHEP Management Plan addressing that recommendation. See the BPA for more detailed
explanations of the recommendations.
Non-point Source Pollution
The most important non-point source problems in the estuaries of New Hampshire are
stormwater runoff, septic system problems, and construction runoff and erosion. A wide variety of 
other non-point source contributors such as agriculture, boating, solid waste management,
toxic/hazardous wastes, and underground storage tanks add to the cumulative effects of non-point 
source pollution. The coastal basin has the highest priority for dedication of resources within the
state’s new watershed approach to non-point source pollution.  
• Improve regulatory approach and/or state funding of non-point source programs
– Non-point source pollution is incremental, and difficult or impossible to identify. New
Hampshire’s pollution policy of ‘anti-degradation’ relies on being able to attribute the
cause of pollution to a single responsible person or organization. While funding is not a
panacea, the state appears to have provided little funding to address  non-point source
pollution. Recent increases in shoreline and sanitary surveys and related activities seem to
reflect the recent influx of funds through the NHEP, rather than a sustained increase in
state support. [Action WQ-16]
• Continue to evaluate and revise Best Management Practices – New Hampshire
relies heavily on BMPs for control of non-point source pollution, yet many BMPs are
out-dated or inadequate. The state is beginning to examine stormwater BMPs for
appropriateness for New Hampshire conditions and effectiveness in protecting water
quality. Other BMPs also need review and revision. Most importantly, the state needs to
shift focus from flood and volume control to overall water resource management. Since
BMPs are the foundation of the state’s non-point source management efforts, this research 
should receive substantial focus and resources. Results from this research should be
incorporated into the Green Book and widely circulated, and the Green Book should be
updated regularly.  [Action WQ-10]
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• Improve local regulation of stormwater and erosion control - Local governments
should adopt standards for erosion control and long-term stormwater management. 
Current coverage among Zone A municipalities is limited, and requirements are highly
variable. By adopting the standards of the Green Book by reference, as the state recommends,
municipalities can avoid having to update their ordinances frequently. Pooper-scooper laws, hazardous
waste collection programs, storm drain stenciling, and other programs foster improved runoff quality,
but are rarely used. [Actions WQ-9, WQ-10, WQ-19]
• Explore ways to improve outreach efforts for local officials - Low participation by
volunteer local officials in educational and training workshops has probably slowed
progress in developing strong resource protection regulations.  [Actions LND-5]
• Work to improve local regulation of development project impacts - Local
regulation, monitoring and enforcement is needed to supplement the state program, while
state support of the Site Specific Program needs to be improved. (Actions LND-2, LND-4,
LND-6B, LND-6E, LND-7, LND-8A, LND-8B, LND-9A, LND-9B)
•  Improve education of shoreland property owners - Given the potential for water
quality and habitat impacts, activities within close proximity to surface waters should
receive special attention. Education of shorefront property owners regarding laws and
responsibilities (e.g., appropriate landscaping activities) is important. [Actions LND-14
LND-16, EDU-4, WQ-13]
• Increase land protection through acquisition or conservation easements - One of
the most effective means for protecting water quality and important habitat is to limit
development in proximity to sensitive resources.  [Actions LND-26, LND-27, LND-28,
LND-29, LND-35, LND-36]
• NHEP should work with the state to allow the use of Clean Water State
Revolving Loan Fund (SRF) money for activities identified as priorities through
the Management Plan – The state’s restriction of Clean Water Act SRF money to
landfill closure and wastewater treatment facility construction and upgrade limits the
effectiveness and benefits of these funds in the Seacoast watersheds. [Action WQ-16]
Point Source Pollution
A relatively extensive and well coordinated set of state and federal regulations address point
sources of pollution. The federal Clean Water Act and state Water Pollution and Waste Disposal
Act require permits for point sources, and a reasonable amount of technical and financial
assistance is available for construction, system upgrade, and operation and maintenance. Staffing  
limits may cause some delays and/or inadequacies in permitting and oversight.
• Develop a coordinated program and funds to identify and resolve illicit
connections, infiltration and inflow, leaky collection systems, and similar
problems - These activities are currently implemented haphazardly as funds are available. 
Since pathogens are one of the primary water quality concerns for the estuaries, greater
commitment to resolving the known factors is needed. [Actions WQ-4A, WQ-4B, WQ-4C,
WQ-7]
• Improve local regulations to prevent contamination of stormwater runoff -
Regulations aimed at preventing non-point source pollution are key to eliminating urban
stormwater runoff problems.  [Actions WQ-8, WQ-9, WQ-10, LND-23, WQ-18, LND-5,
LND-22]
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• Continue investigations into stormwater management technology for improving
runoff quality - Research should continue to focus on potential solutions for
contamination from stormwater runoff systems. [Actions WQ-8, LND-1, LND-2, LND-3]
• Improve training of WWTF operators - Concerns about the adequacy of the state’s
existing training programs warrant evaluation and improvement of the programs. [Action
WQ-3]
Habitat Alteration
Despite recent development, a significant portion of the estuarine watershed remains
undeveloped, or lightly developed. Some estuary shoreland areas also remain relatively
undeveloped. State regulations protect certain shoreland areas, and shoreland protection is well
coordinated among state agencies. These regulations restrict land use in shoreland areas near
large surface water bodies, but smaller water bodies are left unprotected. Limited state budgets
effectively leave primary implementation and enforcement to municipalities. Local governments,
however, are often reluctant to implement their own land use controls in shoreland areas, and
may be even more reluctant to enforce them. Only seven of the 19 Zone A towns have adopted
local shoreland protection districts.
Shoreland Development and Riparian Buffers
• Improve implementation and enforcement of Comprehensive Shoreland
Protection Act (CSPA) - The NH DES Shoreland Protection Program, in cooperation
with the NH Coastal Program and Regional Planning Commissions, should strengthen
efforts to implement and enforce the CSPA through education and outreach to Planning
Boards and Code Enforcement Officers (CEOs). Budget increases or alternative funding
sources are also needed. Municipalities should be encouraged to develop shoreland
protection ordinances that apply to smaller streams.[Actions LND-14, LND-16, LND-17]
• Use real estate transfers for outreach about shoreland protection -  Real estate
transfer presents an opportunity to inform new landowners of their responsibilities as
waterfront property owners. [Actions WQ-13, EDU-4]
Wetland Loss and Alteration
• Develop wetlands mitigation policy - NH DES should develop and adopt a formal
wetland mitigation policy and increase the use of mitigation through the state permit
process. [Actions LND-7, LND-24]
• Track impacts to wetlands from permitted and non-permitted activities - 
Cumulative impacts of permitted activities are not currently monitored but should be, and
estimates of non-permitted (e.g. illegal) filling should be developed.
• Protect vernal pools - NH DES, in cooperation with local officials, Conservation
Commissions, and Regional Planning Commissions, should develop a program for
protecting vernal pools. [Actions LND-32, LND-26, LND-28, LND-33, LND-34, LND-35,
LND-36]
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River and Estuary Protection
• Develop a more comprehensive approach to water habitat protection and
improve coordination of surface water programs - The new approach should include
addressing issues around consumption of ground and surface waters.
• Improve coordination of NH DOT projects with agencies that protect natural
resources -  Existing practices of meeting with state and federal agency officials to review
projects should be expanded and formalized. NH DOT should be more environmentally
accountable. [Actions RST-5, RST-6] 
Open Space and Habitat Protection
• Revive Land Conservation and Investment Program (LCIP) - The state should
revive the LCIP and seek new funding mechanisms to ensure priority conservation sites
are protected. Federal agency and private sector programs could be used to leverage a
highly effective land conservation program. [Action LND-26]
• Encourage local governments to earmark all of the Current Use change tax
penalty for land protection efforts.  [Actions LND-28, LND-35]
Living Resource Management
Most living resources in the NHEP study area are healthy. Some shellfish populations and
several species of anadromous fish face problems. Management is primarily at the state level,
spread among several agencies. The NH Fish and Game Department has lead responsibility for
fish and wildlife, while the Natural Heritage Inventory Program of the NH Department of
Resources and Economic Development (NH DRED) handles most aspects of plant protection. The
NH Department of Health and Human Services plays a role in harvesting of species where public
health is a concern. Municipalities have little authority to manage living resources, and the
federal government generally has regulatory authority only in the cases of threatened or
endangered species and wild species commerce.
Finfish Management
• Ensure NH Fish and Game budgets and staff remain sufficient to manage
fisheries regardless of fishing effort - This includes maintaining an active role in
federal and interjurisdictional fisheries management to ensure regulations support New
Hampshire fisheries goals and improving fisheries resource inventories. Gaps exist in the
stock assessments and species information on which adequate management depends.
Shellfish Management
• Develop a shellfish program that meets the requirements of the NSSP and
provides for adequate management of shellfish resources - This includes taking the
necessary steps to gain FDA approval of the state’s shellfish program. Financing strategies 
should ensure the shellfish program is self-sustaining. [Actions SHL-1, SHL-4]
• Improve shellfish management coordination - State and federal shellfish sanitation
programs need to improve communication and coordination. [Action SHL-1]
• Identify and mitigate pollution sources - Existing pollution sources are probably
significant enough to prevent recreational harvesting or commercial aquaculture in some
areas. Mitigation of these sources will have wide-spread benefits for the estuaries. Federal, state, and
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local governments should focus more resources on identifying and mitigating pollution sources. 
[Actions SHL-2, SHL-5; WQ-1, WQ-3, WQ-4C, WQ-5, WQ-6, WQ-7, WQ-14]
• Educate audiences about illegal shellfish harvesting -  Such efforts might involve
state, local, and non-governmental partnerships. [Actions SHL-9B, SHL-10, SHL-13,
SHL-14]
• Improve shellfish resource inventories -  Gaps exist in the stock assessments and
species information on which adequate management depends. [Action SHL-7]
Endangered Species
• Improve and sustain staffing and resources for protection of rare species -   The
staffing level at the Natural Heritage Inventory Program probably limits the effectiveness
of the program. Several of the staff are provided by non-state organizations supported by
non-state funds. The rare animal program is similarly hampered. Revenue from a
conservation license plate might provide an appropriate budget source. [Actions LND-32,
LND-33, LND-34]
• Improve rare species inventories -  Conservation Commissions and UNH students have 
provided valuable assistance in assessing natural resources at the local level. [Actions
LND-32, LND-33, LND-34]
Marine Aquaculture
• Determine state commitment to aquaculture development and develop formal
state policy -  Since regulations and programs affecting aquaculture involve several
agencies, such a policy should be developed through a coordinated, multi-agency effort
(including NHFG, NH DHHS, NH DAMF, NH DES, et al.).  [Actions SHL-15, SHL-1]
• Provide funding and staff consistent with level of commitment to aquaculture
development -  Current staff and funding may be insufficient to handle expanded
aquaculture.  [Action SHL-4]
Local Management Framework
Municipalities in New Hampshire play a significant role in environmental management
through local land-use controls. Limited state budgets elevate the importance of local
regulations.  A number of tools are available for local resource management, from standard
zoning and land- use regulations to resource protection overlays, cluster development, and
growth management ordinances. All municipalities in NHEP Zone A have developed Master
Plans and have adopted zoning ordinances and land-use regulations. Specific provisions, such
as stormwater management or shoreland protection, vary widely from town to town. The
level of sophistication and resources with which individual towns manage development and
enforce regulations also varies.
• Improve resource protection regulations -  Regulations are quite variable across the
estuarine region, leaving some major gaps.  [Shoreland: Actions LND-14, LND-16;
Wetlands: LND-8A, LND-20, LND-22, LND-25, 25C; Stormwater: LND-22, WQ-9, WQ-10]
• Increase outreach to local officials on importance of resource protection
regulations – The NH Coastal Program in conjunction with the regional planning
commissions should increase efforts to educate local officials on the importance of resource 
protection, and assist them in improving local land-use planning and controls. This
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outreach should be brought directly to town officials rather than provided through regional
workshops. [Actions LND- 5, LND-25C, LND-20, LND-14, LND-8A, WQ-10]
• Improve development review and permit procedures - Strategies for improving
permit review include increasing staff and budgets, increasing the levels of review, and
increasing the use of Conservation Commissions for review. All towns should consider a
technical review committee, where individuals with expertise help assess development
proposals and permits. [Action LND-6F]
• Ensure adequate enforcement of land-use regulations in all towns - Enforcement
of local land-use regulations appears to be limited by lack of coordination between
planning boards and building inspectors. Building inspectors and code enforcement officers 
should be present during planning board meetings to ensure planning board
recommendations and conditions are fully understood. Procedures should be implemented
for recording and verifying field changes to development projects.
• Improve outreach for developers and landowners - All agencies involved in resource
protection should work to educate landowners and the development community on
regulations and requirements.  [Actions LND-4, LND-8A, LND-16, EDU-4, WQ-13,
WQ-18]
• Develop long term monitoring of permit conditions – All towns should develop
programs for long-term inspection of erosion and stormwater control measures to ensure
proper functioning. Seacoast towns currently have no mechanism for monitoring these
structures, with property owners left to maintain them and decide whether or not they are 
functioning properly. 
• All construction permits should receive more than one level of local review -
Permits for single-family residential construction on pre-existing lots that do not receive
planning board review should nonetheless at least receive one other review for consistency
with resource setbacks and other requirements.  
• Review variance practices - Towns should examine their zoning board of appeals
practices to ensure the requirements of state law are being met.  
• Reconsider reliance of NH DES Shoreland Protection Program and other state
programs on local governments for enforcement of state regulations - Limited local 
budgets and staff mean that state programs like the shoreland protection program are
often not well implemented or enforced at the local level. Local governments also may not
have sufficient motivation to thoroughly enforce state regulations, since pollution and
other resource impacts often cross boundaries. [Action LND-14, LND-16]
• Consider watershed-based planning agreements - Communities within individual
watersheds should meet as a group to develop common goals and practices that will meet
an agreed upon resource protection goal. Minimum resource protection standards
developed in this way could help reduce impacts that cross boundaries. [Action LND-6A]
• Examine land-use regulations in the Zone B towns - Zone B towns tend to be
smaller, have less staff and resources available, and may have substantial impacts of water 
quality in the estuary watersheds. The NHEP should work with NH OSP and the regional
planning commissions to review land-use regulations in Zone B towns.   [Action LND-6B]
• Increase the number of circuit-rider planners to improve assistance to towns
without planning staff –  Circuit-rider planners provided by the regional planning
commissions play a crucial role in implementing local land-use planning and controls,





Purpose of the Report
Despite improvements in water quality resulting from more than twenty years ofimplementation of the Clean Water Act, the estuaries of New Hampshire continue tosuffer degradation.  Nowhere is this degradation more keenly felt than among the
shellfishing community.  Vast beds of once productive shellfish habitat remain off limits to
recreational and commercial harvesters.  Nonpoint source pollution has been identified as the
largest culprit.  
Concerns over persistent water quality problems and the impacts of these problems on local
communities prompted the state to seek assistance from the National Estuary Program (NEP). 
The NEP provides an important complement to the Coastal Zone Management Program for
focused study and problem resolution in estuaries.  The NEP was created by the 1987
amendments to the Clean Water Act to strengthen protection of “estuaries of national
significance.”  The NEP provides support for developing Comprehensive Conservation and
Management Plans (CCMPs) derived from baseline information on the current status of the
target estuary.  
The purpose of this report is to provide background on existing policies and management
efforts aimed at protecting the estuaries of the state.  The report is one of the first steps in the
process of developing a Comprehensive Conservation and Management Plan for the estuaries.  It
is intended as a status report for policies and programs regarding estuary protection to
complement the ecological status report contained in the technical characterization conducted by
the Jackson Estuarine Laboratory.  In conjunction with the technical characterization, it provides 
a baseline of data and information from which future actions can be developed and against which
future progress may be measured.  
This report is designed to provide a snapshot of the local, state and federal management
framework for the estuaries of the state.  Natural resource management, land use regulation,
research, education and funding are all important pieces of this framework, and each is reviewed
in relation to specific problems of the estuaries.  The report first summarizes the issues and
potential issues confronting the estuaries and then reviews the existing policies and programs
aimed at dealing with these issues.
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Project Area
The estuaries of New Hampshire are influenced by activities within a 1087 square mile
drainage basin, two thirds of which lie within New Hampshire (the remainder lie within Maine). 
The estuaries contain roughly 230 miles of shoreline, all within the state’s eighteen mile coastline
along the Gulf of Maine.  Activities anywhere within the drainage basin can impact the estuaries,
so the jurisdiction of the NHEP has been defined to include the entire drainage area within the
state.  
In recognition of the greater importance of activities in close proximity to the estuaries,
however, the NHEP has placed higher emphasis on those communities that border directly on the 
estuaries.  Thus, the NHEP defines a Zone A which includes the 17 municipalities in Rockingham
and Strafford Counties that have land bordering on tidal waters plus Rochester and Somersworth, 
and a Zone B including the remaining New Hampshire municipalities in the drainage basin. 
Figure 1-1 above shows the project area.  Several towns, including Wolfeboro, Alton, Derry,
Hampstead and South Hampton, contain only tiny portions of the drainage basin and have been
largely left out of the project.  In addition, areas in Maine are not incorporated into the NHEP,
though actions there contribute to estuarine quality.
How to Use the Report
The report is organized around the problems most widely recognized as important to the
estuaries.  Chapters are devoted to categories of problems such as nonpoint source pollution,
point source pollution, living resources and habitat loss.  In recognition of the importance of
local land use management to the health of the estuaries, a separate chapter examines the
local management framework.  Within each chapter, separate sections address specific
problems related to that category.  
Each problem is presented with background information about the relevance of the issue for
the estuaries and summaries of management, regulatory and enforcement, funding, education and 
outreach programs dedicated to that issue.  In many cases, these programs address several
different issues.  To the extent possible, this report makes note of each issue for which any given
program is relevant.  Funding for specific programs or projects may also apply to several issues,
and no attempt has been made to separate out the proportion of these funds allocated to specific
individual issues.  Program funds dedicated to the estuaries or estuary watersheds are often not
available because budgets are only determined for the entire state.  Again, the best information
available has been presented.
Every chapter includes recommendations which address the issues identified in the report. 
These recommendations cover a wide-range of management options and are directed not only to
the NHEP but to others who may be working in the coastal region.  Almost every
recommendation is followed by a letter and number code (e.g. LND-4) which refers to the Action
Plan in the NHEP Management Plan which address that recommendation.  These actions are not
explained here but can be found in detail in the Management Plan.
The final chapter of the report provides a review of how local land use decisions are made.  The
policies and procedures for local decision making influence every issue in which local governments 
are involved, and since a significant amount of responsibility is left to local governments in New
Hampshire, these policies and procedures are vital to protection of the estuaries.  To the extent
possible, generalizations about these policies and procedures are provided.  Ultimately, careful
evaluations of individual municipalities may be necessary to supplement this review. 
2
Report Limitations
While every attempt has been made to be comprehensive, this report has certain limitations. 
Since priorities had not yet been developed at the onset of this project, the full range of potential
issues needed to be reviewed, albeit somewhat less thoroughly than had priorities been
thoroughly established before commencement of the BPA.  Conversations with knowledgeable
agency staff and individuals led to an informal prioritization that was used to help guide the level
of detail of the analysis in this report (see Figure 2 below).  
PRIORITY PROBLEMS
High Stormwater Discharge (both quality and quantity)
Shoreline Development
Failed Septic Systems
Wetland and Habitat Losses
Fish and Shellfish Management (especially monitoring)
Medium POTW and Industrial Discharges (including leaks and
 infiltration)
Construction Site Runoff
Atmospheric Deposition (e.g. from acid rain, etc.)
Contaminated Sediments
Combined Sewer Overflows










Transportation impacts were also mentioned as an important problem.  
Certain data, most notably funding and program budgets, was particularly difficult to obtain
and is limited (though inferences about budgets could be made based on staff size and comments
obtained through interviews).  As a result, the search for solutions and recommendations should
not stop at those made in this report.
In addition, because of limitations of the project scope, the major focus of the report is on Zone
A.  This focus should not be interpreted to suggest that Zone B has no significant role in the
estuaries.  In fact, further study of this part of the watershed may be warranted.  Similarly, the
lack of emphasis on management policies and programs in Maine does not mean that actions
there have no impact on the estuaries.  Future efforts should also consider the Maine portion of




The Base Program Analysis is conducted using two main tasks.  First, an inventory of themanagement framework is used to describe the federal, state and local institutions andlaws already in existence.  This inventory becomes a baseline of policies and programs that 
provides a snapshot of the state of the estuaries.  Following the inventory, an analysis of the
effectiveness of this framework is used as a basis for understanding the strengths and weaknesses 
of the existing estuary protection.  These two prongs then form the basis of recommendations for
action plans contained in the Comprehensive Conservation and Management Plan (CCMP).
The inventory for this report involved developing a list of agencies and organizations
involved in all aspects of protection of New Hampshire’s estuaries and summarizing the
policies and programs in place to address estuary protection.  The primary sources of
information about institutions were agency staff and written policy summaries such as
non-point source program documents developed by the state, supplemented by personal
interviews.
Once an appropriate list of agencies, organizations, policies and programs was completed, 
several analyses were used to evaluate the effectiveness of the current management
framework.    The primary analysis tool was a focused interview in which participants
answered questions regarding regulatory authorities, staffing, budgets, enforcement, program 
coordination, etc.  Participants included agency staff, academics, environmental advocates,
and others.  Additional analyses included detailed discussions with a variety of individuals,
comparisons with other states and other programs, and selected analyses of records. 
Effectiveness of the programs was determined on the basis of the surveys and discussions 
conducted for the project.  Consideration was given to the legal scope of the programs that
address the priority problems, their management strengths and weaknesses (such as program 
coordination), staff and resource availability, enforcement and the breadth of programs
dedicated to specific problems.  The evaluations in this report are not intended as evaluations
of the effectiveness of specific agencies or staff, but rather a general evaluation of the broader
institutional framework in place to address specific problems.
The approach of this report involved examining policies as identified by the US
Environmental Protection Agency in its National Estuary Program Guidance document for
Base Program Analyses.  At the time of this report, resolution of the scope of priority
problems was not completed.  As a result, the Base Program Analysis has been left broad,
encompassing the universe of potential issues as identified by EPA.  This broad scope limited
the detail of analysis to some extent, as a trade-off had to be made to cover its breadth.
Detailed evaluations and recommendations related to specific policies are provided in
each section of the report.  Since this level of detail may be unwieldy for certain purposes, the
report also provides more general recommendations at the end of each chapter.  The





Water quality and natural resource related issues in New Hampshire’s estuaries are fairly wide ranging and vary considerably in terms of severity.  Water quality issues includepathogen contamination, sedimentation, toxic contamination, changes in hydrology
that affect salinity of areas of the estuaries and many more.  These issues are, in turn, caused by a 
number of problems resulting mostly from human activity.  While there are many unknowns
about the problems that face the estuaries, past research and the technical characterization of the 
estuaries done for the NHEP have identified some specific issues and helped determine
information gaps.  The following are illustrations of some of the findings:
Microbial Contamination
Bacterial contamination in the estuaries, which causes health risks, shellfish harvest
restrictions, and the potential for broader ecological problems, appears to be the result of
stormwater runoff, waste water treatment plant (WWTP) effluent (aggravated by stormwater
infiltration problems), combined sewer overflows and inadequate septic systems (Jones, 1997). 
Bird defecation may also be a significant pathogen source in New Hampshire (birds were found to
contribute up to 40% in one case on Cape Cod (Horseley and Witten, 1996)).  
While state and federal programs monitor and regulate WWTP operations, local officials
acknowledge that infiltration still results in sewage overflows in most towns with sewer systems. 
Stormwater runoff carrying pet wastes and other fecal contamination, especially from impervious
surfaces like roadways and parking lots, probably contributes to microbial contamination.  Septic
system failure has been identified as another important source, and stormwater flushing of
detention ponds/basins that have held and perhaps incubated bacteria may also contribute to the
problem (Ted Diers, pers. comm.).  
Toxic Contaminants and Heavy Metals
The most common contaminants in the NH estuaries, at least currently known, include
chromium, lead, mercury, copper, zinc, and PCBs.  In particular, PCBs have been found in lobster 
tomalley and bluefish in levels of concern for public and ecosystem health, but it is unclear
whether these levels result from problems endemic to NH estuaries or are of broader regional
concern.  In addition, mussels have shown high metal concentrations, particularly lead (though
chromium, mercury, cadmium, nickel and zinc have also been a concern).  
These contaminants may have resulted from past sources and current activities including
defense facilities, municipal discharges, stormwater runoff, contaminated groundwater and
dredging.  The problem appears to be particularly acute in sediments of the estuaries, and some
5
researchers believe this may reflect historic rather than current contamination.  Runoff from
impervious surfaces is a particular concern, especially for metals, petroleum products, salts and
volatile organic compounds, and boaters may release significant amounts of petroleum products.
These contaminant issues will become increasingly important where development pressures are 
high - such as in coastal New Hampshire.  Increases in these pollutants from industrial sources,
road and parking lot runoff, pesticide use, oil spills and residential expansion can become a
problem because of the durability of these kinds of contaminants.  Leaking underground storage
tanks represent a substantial source of hazardous pollutants nationwide (EPA estimates up to
one-third of all tanks leak), and may be a problem in coastal NH as well.
Nutrient Pollution
Nutrient loading is a natural process in all ecosystems, and is a problem only when it becomes
excessive.  One of the primary problems of nutrient pollution is eutrophication, a complex process
that leads to problems such as low oxygen, algae blooms, and fish die-offs. Symptoms of
eutrophication appear to be rare in NH estuaries (draft NHEP Technical Characterization),
though the full extent of the problem for the estuaries is unclear.  Certain related problems may
exist, including elevated temperatures in Great Bay (Short, 1992), and the problem may increase
substantially as development continues.  
The predominant sources appear to be WWTFs and atmospheric deposition, with land based
non-point source loading also significant and possibly higher than point sources.  WWTFs provide
a constant source of low level loading of nutrients and occasional surges from stormwater
infiltration. Atmospheric deposition of nitrogen from sources like industrial pollution and
automobile exhaust may also be a large source of these pollutants.  Non-specific land sources
(nonpoint sources) include scattered failing septic systems, fertilization including lawn
applications, and farm runoff from concentrated animal operations among others.
There has been some concern expressed by local officials about nutrient and other pollution
inputs from atmospheric deposition.  A common perception, real or imagined, is that prevailing
air currents bring in large amounts of pollution from mid-west industries.  Thus, some focus on
external sources exists.
Sedimentation
Sedimentation and turbidity in Great Bay appear to be small problems at present.  Turbidity is
highest during the larger tidal flows, particularly during ebb flow (Short, 1992), suggesting that
the problem is at least in part related to tidal disturbance of settled material.  Wind and storm
events contribute to resuspension of sediments, which causes turbidity and contaminant concerns 
(Langan, pers. comm.).  Concern, however, has been expressed over the effects of historic
sedimentation from land use practices.  One local official believes that past agricultural activities
led to substantial sediment loads which significantly reduced water depth in Great Bay.  In
addition, he explains, the decreased depth and (presumably related) increased water temperature
lead to reduced populations of cod and other groundfish that had historically been common in the
bay.
Turbidity and sediment pollution in rivers and estuary waters are typically concerns as they
impact ecological variables like water temperature, productivity and viability of specific
populations of a variety of organisms.  Sediments washed into wetland areas can choke out
important vegetation communities, thereby diminishing the functions and values of those
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wetlands or even effectively killing them.  Dams on major tributaries to the Great Bay probably
reduce sedimentation loading by allowing settling to occur.
Hydrologic Changes
Changes in flow patterns of tidal waters and inflows of freshwater are both existing and
potential problems in the estuaries.  Tidal restrictions, particularly at road crossings, have
degraded salt marshes by limiting tidal flushing and decreasing salinity.  Species like Phragmites
grass and purple loosestrife are encouraged while the normal Spartina grasses are out-competed. 
These changes can substantially alter food chains and impact the productivity of salt marshes. 
Redistributions of freshwater can occur through pumping and discharge by industries and
municipalities, stormwater collection systems and other activities.
Living Resources
Two primary concerns with living resources in the estuaries are species declines and invasions
of non-endemic species.  Numerous declines in living resources have been documented in the NH
estuaries.  Shellfish populations have declined from 100 years ago, and many finfish populations
have also decreased.  Recent rebounds by some species, most obviously striped bass, suggest that
management can have a dramatic effect in a relatively shore period of time.  In some cases,
problems stem from overharvesting outside of the estuaries (striped bass, winter flounder, and
perhaps shad) and solutions depend on federal or interstate management programs.  Shellfish
declines are likely the result of predation and harvesting, disease and lack of suitable substrate on 
which to colonize (Jones, 1997).  Similarly, changes in populations of saltmarsh vegetation and
macroalgae are a concern.  
Populations of certain other species, particularly terrestrial ones, have apparently increased in
recent years.  Invasive species are an additional concern, particularly where they severely
out-compete native species.  Phragmites and purple loosestrife, noted above, are examples of such
invasions, as are green crabs.
Habitat Loss
Habitat loss (both terrestrial and aquatic) is a fairly widespread issue in the NHEP study area,
though the nature of the problem makes it difficult to quantify. Of particular concern for the
estuaries is loss or degradation of shellfish habitat and fragmentation of large tracts of terrestrial
habitat.  With strong economic growth in the region, the issue is likely to persevere.
Priority Problems
A wide variety of activities and problems contribute to the environmental issues discussed
above.  Addressing all problems with equal detail would be a vast undertaking beyond the scope of 
this report.  Nonetheless, a priority list of these problems had not yet been developed for the
NHEP at the time of this report. As a result, an informal prioritization was developed to help
narrow the focus somewhat.  
Discussions with a variety of agency staff, scientists and individuals from different backgrounds 
were used to develop a preliminary list of priority problem areas for the estuaries to help guide
research for this report.  Individuals rated a list of issues as high, medium and low priority.  From 
these discussions, priorities were determined as follows:
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High Stormwater Discharge (both quality and quantity)
Shoreline Development
Septic System Leaks
Fish and Shellfish Management (especially monitoring)
Medium  WWTFs and Industrial Discharges (including leaks and
 infiltration)
Construction Site Runoff
Atmospheric Deposition (e.g. from acid rain, etc.)
Contaminated Sediments
Combined Sewer Overflows










Within this list, WWTF discharges, construction site runoff, atmospheric deposition and
contaminated sediments ranked just below high priority problems.  Also, when asked what other
problems should be considered, habitat loss, particularly on land, was commonly mentioned as a
very important problem for the estuaries.  Of particular concern were incremental losses of
wetlands, vernal pools and forests.  The loss of open space and transportation impacts were also
mentioned as important problems.  In addition, several people mentioned that low priority issues
(such as agriculture) may be very important for particular streams (as hot spots) and thus may be
important to consider in those limited cases and for those towns.
These priorities align fairly closely with similar prioritizations done informally by the NH DES
in preparation for the 1996 update of the state’s non-point source program under the federal
Clean Water Act.  Thus, this list is assumed to reflect estuary priorities reasonably well and





Non-point source pollution is pollution whose source either does not emanate from a single location or is difficult or impossible to locate.  It is associated with agriculture, forestry,stormwater runoff, septic systems, construction and many other activities. 
Contaminants include toxics, hydrocarbons (petroleum products), pesticides, organic material
(whose decomposition uses up oxygen), sediments and turbidity, pathogens and others.  In reality, 
all pollution emanates from specific, discrete sources.  In the case of the above activities, however, 
specific sources are difficult or impossible to identify and are frequently widespread.  Regulation
of these activities is often difficult and enforcement impractical.  As a result, nonpoint source
(NPS) management frequently focuses on developing practices that help reduce contamination (so 
called best management practices, or BMPs) rather than on direct regulatory controls.
EPA has estimated that 60% of all pollution nationwide is caused by non-point sources.  In New 
Hampshire, non-point sources are also a substantial concern, and may be the primary cause of
non-attainment of water quality standards.  Non-point sources such as stormwater runoff, faulty
septic systems, cumulative impacts of development, construction related erosion and others have
been identified as important threats to estuary water quality in New Hampshire.  The Oyster
River Nonpoint Source Pollution Assessment project, conducted by the Jackson Estuarine
Laboratory and the NH Coastal Program, found elevated concentrations of bacteria over broad
areas in certain parts of the watershed, high levels of bacteria in tributaries where no identifiable
source exists and high levels correlated with rainfall and runoff (Jones, 1997), suggesting
non-point source origins.  In addition, soils near septic systems have been found to be
contaminated (Jones, et. al., 1996 and 1995), suggesting septic systems play a role in water quality 
degradation.
Federal control of nonpoint source pollution stems from programs under the Clean Water Act
(CWA) and Coastal Zone Management Act (CZMA) and is focused almost entirely on non-
regulatory approaches.  In 1987, the Clean Water Act was amended to include Section 319,
Nonpoint Source Management Programs.  Under the CWA Section 319, states are required to
develop non-point source programs in order to receive certain Clean Water Act funds.  Then, in
1990, the Coastal Zone Management Act required states to develop Coastal Nonpoint Pollution
Control Programs under Section 6217.  Under this program, the state’s receipt of Section 319 and
CZMA Section 309 funds is conditioned upon having an approved coastal non-point source
program in place.
New Hampshire first developed its CWA nonpoint source program in 1989, and the program
has been reviewed and revised several times.  The current aim of the program is to develop an
individual watershed focus, with priority watersheds identified through the Unified Watershed
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Assessment process.  Priority watersheds are to receive attention first, along with the major focus
of program resources.
The state’s Section 319 program manages nonpoint source pollution through education, local
involvement in problem solving, development and implementation of best management practices
(BMPs), reduction of identified pollution sources, and recycling.  Within each watershed, the









9. Land Disposal of Biosolids and Septage
10. Agriculture (Hobby and Commercial)
11. Silviculture
12. Resource Extraction
13. Storage Tanks (Above and Below Ground)
14. Golf Courses and Landscaping
New Hampshire developed its Coastal Nonpoint Pollution Control Program in 1996 and has
received conditional approval from EPA and NOAA.  This program consists primarily of a
compilation of existing regulatory, management, and technical assistance programs, with some
modifications to address issues not adequately covered by those programs.  Conditions on the
approval, which reflect aspects of the program that were inadequate (but not so much so as to
warrant rejection of the program), must be addressed in the next few years.  
New Hampshire’s CWA and CZMA programs are coordinated and overlap to some extent.  The
same coastal watersheds will be studied for development of management plans.  The Coastal
Nonpoint Pollution Control Program is focused on urban development and its impacts, septic
systems, agriculture, forestry, roads, marinas and boating, hydromodification and wetlands.  DES, 
under its CWA program will provide technical and financial assistance.
In addition to federal and state nonpoint source initiatives, local governments have authority
under state law to establish zoning ordinances and development regulations that give them the
opportunity to exert a substantial amount of control over nonpoint source pollution.  Zoning,
subdivision regulations and site plan review procedures may include requirements for stormwater 
and erosion control and for septic design, siting and installation, and may address prohibited land
uses, open space requirements and more.  Through the use of zoning overlays, shoreline habitats,
wetlands and other important natural resources may be given additional protection from
development.  Open space acquisition or protection can also provide buffers for estuary and other
surface water protection.  
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Local governments are assisted in their efforts by a variety of other agencies and organizations.  
Regional Planning Commissions provide assistance in the preparation of Master Plans and land
use regulations, and Conservation Districts assist in evaluation of erosion control and stormwater 
management efforts.  The lack of municipal expertise in planning and design review that exists in
many seacoast towns makes these entities indispensable to successful local nonpoint source
pollution control.
Stormwater Runoff
Development inevitably affects runoff patterns.  Buildings, parking lots and roads prevent
percolation of rain and snowmelt into the soils and increase the rate of flow of water off the site. 
Increased runoff and the increased speed of runoff contribute to changes in the rate at which
rainfall enters surface waters like streams and bays.  Peak stormwater flows are increased and
dry weather flows are decreased (due to reduced groundwater flows from reduced infiltration). 
These changes can turn perennial streams into seasonal streams and can have substantial
impacts on the ecology of surface water systems, particularly estuary areas where the ecosystem
and its productivity are tied to salinity and other aspects of water chemistry.  
In addition, the runoff carries contaminants that it picks up enroute to surface waters.  Runoff
may be exposed to oil, toxics, litter, animal wastes and associated pathogens, metals, nutrients
and sediments picked up from the ground over which the runoff traveled.  Where development
has led to impervious surfaces, these contaminants have less chance to be “filtered” by soils and
vegetation, and more of them reach water bodies more quickly.  Exposed surfaces from
construction activities are eroded, leading to soil loss and sedimentation and turbidity of surface
waters.  Studies have consistently shown that impervious surface coverage of as little as 10% of a
watershed can have significant ecological impacts (Horner, et. al., 1994).   
Solutions to these problems are tied to programs aimed at preventing contamination of
stormwater and to policies to control and treat the runoff.  Limits on impervious surfaces for
development can help control timing of runoff and may promote some filtration through contact
with soils and vegetation.  Stormwater control requirements and nonpoint source pollution
programs are also vital to reducing stormwater related degradation.  
In addition, runoff from urban areas is frequently collected through catch basins and sent
directly to surface waters.  Policies regarding operation and maintenance of stormwater collection 
systems are also important tools.  Recent research in Manchester, NH has examined the use of
catch basin filters to improve the quality of stormwater drainage systems, and the results will
apply to coastal towns with these systems.  Urban stormwater collection systems are sometimes
regulated as point sources under the Clean Water Act, and as such they are primarily addressed in 
the following chapter on point sources.
